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NON-INTRUSIVE, LOW CHATTER
PRESSURE RELIEF VALVE SYSTEM

CROSS REFERENCE TO RELATED
APPLICATION D

This application claims priority to U.S. Provisional Patent
Application No. 61/261,793 filed Nov. 17, 2009, which 1s

incorporated herein by reference 1n 1ts entirety.
10

FIELD OF APPLICATION

This disclosure relates generally to a non-intrusive, safety
pressure relief system for use 1n a pressurized pipeline, such
as that used 1n a paint circulation and/or application system.
More specifically, the present disclosure discloses a pressure
relietf valve that can be used to provide secondary internal
reliel for a pressurized fluid line by limiting the pressure
exerted by a tluid pumped through a pipeline to a predeter- ,,
mined set point.

15

BACKGROUND

Pressure relief or bypass valves conventionally include an 55
adjustable or non-adjustable spring-loaded valve 1n which a
plug 1s seated over an iternal orifice leading to a pressurized
fluid line, such as that used 1n a paint circulation and/or
application system. The spring 1s used to bias the plug into a
seated or closed position when the pressure in the pressurized 30
fluid line 1s below the resistance exerted by the spring. When
the pressure inside the system reaches a level suiliciently high
enough to overcome the resistance of the spring, the plug 1s
lifted off of the orifice allowing pressurized fluid to flow past
the valve and through the orifice. Unfortunately, the simplic- 35
ity of this type of system also comes with several inherent
deficiencies or 1ssues. Each of these 1ssues manifests itself 1n
one way or another in the pressure relief valves that are
currently available.

First, existing pressure relief valves tend to open and shut 40
frequently producing what one skilled-in-the-art will
describe as “chatter” or a “water hammer” effect. This phe-
nomenon arises when the valve 1s forced to rapidly cycle
between its open and closed positions. More specifically, 1T
the pressurized fluid line becomes partially constricted or 45
blocked or the pump 1s adjusted to increase flow, the pressure
in the pressurized fluid line will increase. At some point, this
increase in pressure 1n the pressurized fluid line will equal
and/or surpass the resistance of the spring in the pressure
reliel valve. Once the pressure set point has been exceeded 50
(e.g., resistance of the spring 1s overcome), the seal between
the valve plug and the valve seat 1s broken and the valve
opens, thereby permitting flow through the valve. Once a
small amount of liquid passes through the orifice and 1nto the
valve, the excess pressure in the pressurized fluid line 1s 55
relieved and the magnitude of the pressure in the line
decreases. If the pressure in the pressurized fluid line falls
below the pressure set point of the valve, the valve will
quickly close. However, 1f the cause of the initial pressure
increase 1n the fluid line has not been remedied, then the 60
pressure will quickly build up again to a level above the
valve’s pressure set point and the valve will reopen. This
cycling of the valve between open and closed positions can
continue to occur over and over again. When this happens, the
continual opening and closing of the valve can result in unde- 65
sirable chatter or water hammer sounds, as well as the occur-
rence of a significant amount of vibration.

2

Second, conventional pressure relief valves used 1n a paint
circulation and/or application system are often off-set from

the pressurized fluid line or located a short distance from the
main tluid flow. This 1s typically accomplished by connecting
the valve to the pressurized fluid line through the use of a pipe
or tube that 1s about 0.5-3.0" 1n length. When the valve 1s
closed, fluid 1s mitially forced by the pressure 1n the pressur-
1zed tluid line to flow 1nto the connecting tube. Once this fluid
enters the connecting tube, 1t 1s no longer subject to the same
flow conditions as that established 1n the main fluid circulat-
ing line. Thus the fluid 1n this connecting tube may over time
become stagnant and begin to phase separate (e.g., separation
between liquid phases or between solid/liquid phases). Phase
separation 1n the fluid may lead to the agglomeration and
sedimentation of any solids present (e.g., pigments, additives,
ctc.) 1n the flmd. The presence of sedimentation in the con-
necting tube may plug the tube, thereby preventing the valve
from operating properly or when the valve does operate, the
sediment may damage the valve’s internal components,
thereby requiring the valve to be replaced.

In addition, 11 any sediment 1n the connecting tube gets
disturbed, 1t can reenter the pressurized fluid line, flow down-
stream, and ultimately cause additional issues. For example,
agglomerated pigment particles that make their way 1nto the
paint applied to a manufactured part are known to one skilled-
in-the-art to be a root cause of visible point defects in the final
paint {inish. The occurrence of such defects will ultimately
result 1n an increased amount of scrap and higher production
costs. The conventional method of addressing this 1ssue
through the periodic removal and cleaning of the pressure
relief valve and connecting tube also leads to higher manu-
facturing costs and losses in productivity.

Accordingly, there exists a continual need or desire for the
development and availability of improved pressure relief
valve systems for pumps and pressurized fluid circulation
systems that provide pressure relielf when the pressure set
point 1s exceeded and that do not chatter, vibrate, or produce
a water hammer noise. The desire also exists 1n the industry
that such improved pressure relief valve systems will mini-
mize the occurrence of sedimentation and reduce the need to
periodically inspect, remove, and clean the components that
comprise the system.

SUMMARY

The present disclosure provides a pressure relief system
and a mechanical pressure relief valve for use 1n such a
system. The pressure relief valve and system are used to
relieve pressure 1 a fluid circulation system that has fluid
flowing through a pressurized line. The pressure relief valve
includes a pressure limit set by the resistance provided by a
spring included in the top section of the valve. The valve 1s
closed when the pressure in the fluid circulation system 1s
below this set point. However when the pressure in the fluid
circulation system reaches or surpasses the pressure limit, the
valve opens and allows fluid to pass through the bottom
section of the valve and out a side section to an overtlow tube
connected to a fluid reservorr.

In one embodiment, the pressure relief valve constructed in
accordance with the teachings of the present disclosure, gen-
crally enhances the cleanliness and reduces the level of pul-
sation and vibration exhibited by the valve during 1ts use. The
establishment of a uniform channel between the valve stem
and the 1nner surface of the housing 1n which the valve stem
1s slidably located, as well as the use of vent & sight tube to
remove air from the top portion of the housing upon the spring
being compressed during the opening of the valve, reduces
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the occurrence of pulsation and vibration when the valve 1s
cycled between 1ts open and closed positions.

According to another aspect of the present disclosure,
when the valve 1s 1n its closed position, the bottom end of the
valve stem 1s 1n close proximity to the inner surface of the
main fluid passageway 1n the pressurized fluid line. However,
the bottom end ofthe valve stem does not intrusively interfere
with the flow of fluid through the main fluid passageway.
Rather having the bottom end of the valve stem reside within
close proximity to the interior surface of the pressurized paint
line enhances the cleanliness of the valve by eliminating the
conventional use of a short tube or pipe that 1s known to
induce stagnation of the fluid, particle/additive agglomera-
tion, and the occurrence of sedimentation.

Further areas of applicability will become apparent from
the description provided herein. It should be understood that
the description and specific examples are itended for pur-
poses of illustration only and are not intended to limit the
scope of the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

The drawings described herein are for 1llustration purposes
only and are not mtended to limit the scope of the present
disclosure 1n any way.

FIG. 1 1s a perspective view of a salety pressure relief
system including a non-intrusive mechanical pressure relief
valve constructed according to the teachings of the present
disclosure;

FI1G. 2 1s a cross-sectional view of the safety pressure relief
system of FIG. 1 taken along axis (x) where the mechanical
pressure relief valve 1s 1n 1ts closed position;

FI1G. 3 1s a cross-sectional view of the safety relief system
of FIG. 1 taken along axis (x) where the mechanical pressure
reliet valve 1s 1n its open position;

FIG. 4A 1s a perspective view of the valve stem used in the
mechanical pressure relief valve according to one aspect of
the present disclosure;

FI1G. 4B 1s a perspective view of the valve stem used 1n the
mechanical pressure relief valve according to another aspect
of the present disclosure;

FI1G. 4C 1s a perspective view of the valve stem used 1n the
mechanical pressure relief valve according to yet another
aspect of the present disclosure;

FIG. 5 1s a perspective view of the spacer used in the
mechanical pressure relietf valve according to the teachings of
the present disclosure; and

FIG. 6 1s a schematic representation of a paint circulation
and application system icorporating the pressure relief valve

or system of FIGS. 1-3.

DETAILED DESCRIPTION

The following description 1s merely exemplary 1n nature
and 1s 1n no way intended to limait the present disclosure or 1ts
application or uses. It should be understood that throughout
the description and drawings, corresponding reference
numerals indicate like or corresponding parts and features.

The present disclosure generally provides a mechanical
pressure reliel system that includes a mechanical pressure
reliet valve, which has little affect on the tlow of fluid through
a pressurized tluid line, except to allow a portion of the flmd
flowing through the pressurized line to tlow back to a fluid
reservolr through an overtlow line when the fluid pressure in
the pressurized line exceeds a set pressure limit. Referring to
FIG. 1, the mechanical pressure relief system 10 includes a
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fitting 15 capable of being coupled to a pressurized fluid line
(not shown) and a mechanical pressure reliel valve 20
coupled to the fitting 15.

The fitting 15 1s defined by a first segment 25, a second
segment 30, and a third segment 35. The first 25 and second
30 segments are coaxial to one another and define a main fluid
passageway 40 that 1s sized to have a diameter (d, ) substan-
tially similar to the inner diameter of the pressurized fluid
line. One end of each of the first 25 and second 30 segments
are capable of being inserted into the pressurized fluid line
and coupled thereto such that all of the pressurized fluid that
flows through the pressurized line also tlows through the main
fluid passageway 40. Referring now to FIGS. 1 and 2, the third
segment 33 1s perpendicular to the main fluid passageway 40
and 1ncludes a valve seat 45 defining an opening that 1s 1n
communication with the fluid 1n the main fluid passageway
40.

Referring to FIGS. 1 to 3, the mechanical pressure relietf
valve 20 imncludes a housing having a top section 30, a bottom
section 55, and a side section 60. The bottom section 55
defines a first passageway 65, while the top section 30 defines
a second passageway 70 that 1s coaxially aligned with the first
passageway 65. The side section 60 defines a third passage-
way 75. Each of the passageways 65, 70, 75 may be of the
same or different diameter depending upon the desired appli-
cation and performance characteristics. Preferably, the first
passageway 65 and the second passageway 70 are substan-
tially stmilar 1n diameter 1n order for the bottom section 55
and top section 50 to be made from a single cylindrical tube or
body.

The fitting 15 1s coupled to the mechanical pressure relietf
valve 20 through a first coupling 80. The first coupling 80 may
include any means known to one skilled-in-the-art that estab-
lishes a tlanged, threaded, or grooved connection with/with-
out the use of an external clamp. The first coupling 80 1s s1zed
and adapted to withstand the pressure exerted by the pressur-
ized fluid. A similar means of connecting a segment 235, 30 of
the fitting 15 to the pressurized tluid line (not shown) may be
utilized. Although the couplings are preferred to be reversible
in that the fitting 15 and the pressure relief valve 20 may be
removed from the pressurized line for cleaning or replace-
ment, 1t 1s possible that one or more of the couplings be
permanent, such as a coupling made by a welding process.

The mechanical pressure relief valve 20 further comprises
a second coupling 62 that detachably connects the side sec-
tion 60 of the pressure relief valve 20 to an overtlow return
line (not shown) The overflow return line returns fluid from
the pressurized line to a vented fluid reservoir. This second
coupling may utilize a similar means of connecting the side
section 60 to the overtlow return line as described above for
the first coupling 80.

Referring again to FIGS. 2 and 3, the mechanical pressure
reliet valve 20 further comprises a valve stem 83 slidably
located 1n 1ts bottom section 65. The valve stem 85 1includes a
bottom end 90 that 1s shaped to match and mate with the valve
seat 45 1n the fitting 15. The bottom surface of the valve stem
83 1s substantially flat and has a circumierential tapered edge
defined by angle (o). The angle () 1s preferably between
about 20 degrees and about 60 degrees. When the pressure
relief valve 20 1s 1n its closed position the bottom end 90
contacts the valve seat 45, thereby preventing any fluid from
entering the first passageway 65 from the main fluid passage-
way 40. Alternatively, the bottom surface of the valve stem 70
may be formed into a round, ball-like shape.

The valve stem 83 includes a head 95 on its top end that 1s
slidably located in the opening of the second passageway 70
of the top section 50. The head 95 includes a groove 100
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around 1its circumference 1n which a compressible ring 105
resides. The compressible ring 105 1s adapted to contact the
inner surface of the top section 50 1n the second passageway
70, thereby establishing a fluid tight seal between the head 95
and the mner surface of the top section 50.

Referring again to FIGS. 2 and 3, the pressure relief valve
20 further comprises a spring 110 located 1n the second pas-
sageway 70 and 1n contact with the head 95. The spring 110 1s
s1zed to provide a predetermined amount of resistance. The

spring 110 may be placed around a shoulder 113 integrally
formed with the head 95. The shoulder 115 may be used to
assist one skilled-in-the-art in positioning the spring 110 on
top of the head 95 during the assembly process for the pres-
sure relief valve 20.

A spacer 125 1s placed 1n contact with the spring 110 1n the
second passageway 70. The spacer 125 1s sized to compress
the spring 110 1n order to establish a desired set pressure limat.
The pressure limit 1t set when the spring exerts a downward
force on the head 95 to force the relief valve 20 1nto 1ts closed
position (e.g., the bottom end 90 of the valve stem 85 contacts
the valve seat 45). The relief valve 20 will remain closed until
the fluid pressure 1n the pressurized line multiplied by the
clfective area of the bottom end 90 of the valve stem 835
exceeds the force exerted by the spring at the set pressure
limit. The spacer 125 may be a single layer or comprised of
more than one spacer layer stacked on top of each other.

The pressure limit may be set to a predetermined value
predicted or desired for the pressure exerted by the fluid in the
pressurized line or to a greater pressure value. Preferably, the
pressure limit 1s setto a value greater than about 250 PSI, with
about 300 PSI being preferred for use in a paint circulation
and/or application system. The pressure limit 1s set by com-
pressing the spring 110 with the spacer 125 until the spring
110 exerts a resistance equivalent to the desired pressure
limat.

A cap 120 1s placed over the second passageway 70 and
allowed to contact the spacer 125. The cap 120 1s coupled to
the top section 70 through the use of a third coupling 130 in
order to maintain the spring 110 1n its compressed state. The
third coupling 130 may be any means of coupling known to
one skilled-in-the-art. The cap 120 optionally may comprise
a vent and sight tube 135 to allow air to freely move into and
out of the second passageway 70. When the seal between the
head 95 and the mner surface of the second passageway 70
has failed, fluid 1s observed to flow through the vent and sight
tube 135. By allowing air to flow back and forth through the
vent & sight tube, air does not get compressed 1n the second
passageway 70 of the top section 50, when the pressure relief
valve 20 opens and the spring 110 gets further compressed to
relieve the excess fluid pressure from the pressurized fluid
line. The ability of venting the air 1n the second passageway
70 may be beneficial 1n reducing the occurrence of pulsation
(1.e., chatter) and vibration when the valve 20 i1s cycled
between 1ts closed and open positions.

Referring now to FIG. 2, when the valve 20 1s 1n its closed
position, the bottom end 90 of the valve stem 85 1s 1n close
proximity to the inner surface of the main fluid passageway
40. However, the bottom end 90 of the valve stem 85 does not
intrusively interfere with the flow of flmd through the pres-
surized line. Preferably, the relief valve 20 1s designed such
that the bottom end 90 of the valve stem 835 resides within less
than about 3 mm (0.11 inches) from the mner surface of the
main tluid passageway. The bottom end 90 of the valve stem
835 residing within close proximity to the interior surface of
the pressurized paint line enhances the cleanliness of the
valve 20.
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When the pressure in the pressurized fluid line exceeds the
set pressure limit, the fluid pressure forces the relief valve 20
into 1ts open position as shown in FI1G. 3 where the bottom end
90 of the valve stem 85 and the valve seat 45 separate and the
valve stem 85 moves the head 95 further into the second
passageway 70 to further compress the spring 110 against the
spacer 125 and pressurized fluid 1s allowed to tlow from the
main tluid passageway 40 through the first 65 and third 75
passageways into the overtlow line.

The valve stem 85 1n the first passageway 63 forms a
uniform channel 140 of radial width (w,) with the inner
surface of the bottom section 50 of the valve 20. When the
valve 20 1s 1n 1ts full open position, the bottom surface 90 of
the valve stem 85 and the valve seat 45 forms a radial gap 145
that 1s substantially the same in width as the width (w, ) of the
uniform channel 140 established between the valve stem 85
and bottom section of the valve 20. The establishment of a
uniform channel in the bottom section 55 of the pressure relief
valve 20 with substantially the same fluid passage or clear-
ance established between the valve seat 45 and the bottom
surface 90 of the valve stem 83 has been unexpectedly found
to reduce the occurrence of pulsation and vibration to almost
zero when the valve 20 1s cycled between 1ts open and closed
position. Although not wanting to be held to theory, 1t 1s
possible that the establishment of a uniform channel main-
tains substantially smooth tflow conditions or reduces the
occurrence or magnitude of turbulent flow conditions.

The bottom section 55 and a top section 50 of the housing
1s s1zed to slidably receive the valve stem 85, while the side
section 60 of the housing 1s sized to relieve the pressure from
the pressurized line. The uniform passageway of width (w, )
as established between the valve stem 85 and the 1nside sur-
face of the bottom section 55 1nclude a channel established
between the surface of the bottom end 90 of the valve stem 835
and the valve seat 45 and ends at the head 95 of the valve stem
85. The side section 60 1s located proximate the head 935 of the
valve stem 85 at the end of the uniform passageway.

Referring now to FIGS. 4A-4C, the valve stem 85 may be
designed to have a diameter (d, ) that 1s smaller than the
diameter of the first passageway 65 1n the bottom section 55
of the housing. Thus a radial gap or channel with width, w, 1s
established between the valve stem 83 and the inner surface of
the bottom section 35. Preferably, the radial gap between the
valve stem 85 and the bottom section 55 1s uniform through-
out the entire bottom section 55. The width (w, ) of the radial
gap may be between about 0.5 mm to about 10 mm.

The bottom surface 90 of the valve stem 83 may be flat or
curved to match the mner surface of the first segment 235 and
second segment 30 that define the main fluid passageway 40.
Alternatively, the bottom surface 90 may be ball-shaped as
shown 1n FIG. 4C. The bottom surface 90 further comprises
an angled portion that 1s adapted to match and mate with the
valve seat 45 1n the third segment 35 of the fitting 15. The
relief valve 20 1s designed such that when the angled portion
of the bottom surface 90 and the valve seat 45 are 1n contact
with one another, the distance between the bottom surface 90
and the main fluid passageway 40 1s within the range of about
0 mm to 3 mm.

The lack of any substantial cavity between the main fluid
passageway 40 and the bottom surface 90 o the valve stem 85
reduces the potential of any disruption (e.g., eddy currents) in
the flow path of the pressurized fluid, as well as the possibility
of any particle agglomeration occurring from stagnated fluid
becoming trapped 1n such a passageway. Particle agglomera-
tion 1s undesirable since 1t can lead to separation of the par-
ticles from the pressurized tluid, thereby, resulting in a solid
sediment that can affect the performance and lifetime of the
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pressure relief valve. In particular applications, such as the
circulation and application of paint to the surface of a product,
the occurrence of sedimentation 1n the pressurized paint cir-
culation line 1s known to be a cause of point defects observ-
able m the applied paint finish.

Referring now to FIG. 3, the spacer 125 may be defined as
a disc of thickness (t, ) having at least one orifice 140 through
the spacer 125. The onfice 140 allows for the reversible
passage ol air between the second passageway 70 1n the top
section 30 of the pressure relief valve 20 and the vent and
sight tube 135. The thickness (t,) of the spacer 125 1s deter-
mined by the specific volume necessary for the disc to occupy
in order to compress the spring 110 to the extent that 1t will
provide a resistance equivalent to the desired pressure set
point or limit. More than one spacer can be utilized where the
sum of the thicknesses for each spacer 1s used as the measure
of the overall thickness (t, ).

The pressure relief valve 20 and fitting 15 may be made out
of any material known to one skilled-in-the-art that will with-
stand exposure to the pressurized fluid. Preferably, the bottom
section 55, the valve seat 45, the valve stem 85, the head 95,
the top section 50, and the side section 60 of the pressure relief
valve 15, as well as the fitting 135 are constructed of stainless
steel.

The following specific examples are given to illustrate the
disclosure and should not be construed to limit the scope of
the disclosure. Pressure relief valves (I-1V) were constructed
according to the teachings of the present disclosure with the
only difference being the geometry selected for the valve stem
85. The valves stems for each pressure relief valve (I-1V) are
summarized i Table 1. A conventional valve (v) was used as
a control for comparison.

The term center support 145 describes either a pin or a disc
radially projecting from the valve stem 85 towards the inner
wall of the bottom section 35. A center support 145 may be
optionally incorporated as part of the valve stem 85 1n order to
assist in maintaining the location of the valve stem 83 proxi-
mate to the center of the bottom section 55 when the valve 20

1s open and the width (w,) 1s greater than about 3 mm. An
example of the optional center support 145 1s shown 1n FIG.

4C.

TABL

(L.

1

Type of Valve Stem (83)

I Flat bottom, 30° taper, W; < 3 mm
II Flat bottom, 30° taper, W, > 3 mm
111 Rounded bottom, W, > 3 mm

IV Rounded bottom, W > 3 mm with a
center support
A% Conventional Valve

The spring utilized was 3" in length with a wire size of
0.204"x0.244" providing a maximum load o1 532.8 1bs with a
maximum of 15% detlection occurring at maximum load. The
spring was compressed by a spacer with a thickness (t,) o1 2.3
mm (0.090") to set the pressure limit at 300 PSI. Each pres-
sure relief valve system utilized a 1.5" outlet coupled to an
overflow line. Each pressure relief valve system was then
attached to a pressurized circulation system equipped with a
fluid line connecting a piston pump, a back pressure regulator,
and a fluid reservoir. The tluid 1n the circulation system was
allowed to tflow through the pressurized line at 275 PSI. The
fluid was an o1l with a viscosity on the order of about 75
centipoise. All five pressure relief valve systems (I-V) were
observed to be essentially leak-free after the fluid was
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allowed to circulate through the pressurized line for about 30
minutes at a pressure of 275 PSI.

The pressure 1n the circulation system was then increased
to above the set pressure limit and the flow of fluud was
observed to occur through the pressure relief valves and over-
flow line to the vented fluid reservoir. All five of the valves
were observed to relieve the pressure in the circulation system
when the pressure 1n the system exceeded the 300 PSI limiut.
The amount of pulsation (e.g., chatter) and vibration induced
by each of the pressure relief valve systems (I-V) was moni-
tored while the valve was allowed to open and close. Very
little pulsation and vibration was observed for all of the valves
(I-IV) prepared according to the teachings of the present
disclosure when compared against the chatter observed to be
induced by the conventional pressure relietf valve (V). The
magnitude 1n pulsation and vibration for the various pressure
relief valves was observed to increase in the order
[<IV<II~III<<V,

Another objective of the present disclosure 1s to provide a
pressurized paint line that incorporates a pressure relief valve
system 10 constructed according to the teachings of the
present disclosure. A pressurized paint line 1s generally used
to circulate and apply paint to the surface of a manufactured
part. Referring to FIG. 6, the pressurized paint line 200 com-
prises a pump 230 to pressurize the system and to cause the
paint to flow; a back pressure regulator 240; a mix tank 250
acting as a vented reservoir of paint to feed the pump 230; an
applicator 260 for applying the paint to the surface of the
manufactured part; a series of pipes 270 coupled to the indi-
vidual components 1n such a manner as to allow the paint to be
circulated and applied to the part; the pressure relief valve
system 210 or the pressure relief valve 220 constructed
according the teachings of the present disclosure; and a
means 280 of controlling the temperature of the paint flowing
through the pipes, such as through the use of a condenser or
the like.

The pressure relief valve has an open and closed position,
where the open position allows a portion of the paint tlowing
through the pipes to be diverted back to the mix tank when the
pressure 1n the pipes exceeds a predetermined pressure limut.
The use of this pressure relief valve 1n the pressurized paint
line reduces the occurrence of pulsation and vibration when
the valve 1s cycled between 1ts open and closed positions. A
person skilled-in-the-art will understand that other compo-
nents may be added to the pressurized paint line, such as flow
meters, low shear mixers or agitators, and in-line viscom-
cters, among others, without exceeding the scope of the
present disclosure. In addition, any components or equipment
known to be used 1n a pressurized paint line, including but not
limited to pressure pots, reinforced tubing, spray guns, lobe
pumps, piston pumps, and diaphragm pumps, may be substi-
tuted for the components described above and may be used in
the pressurized paint line described in the present disclosure.

A person skilled 1n the art will recognize that the measure-
ments described are standard measurements that can be
obtained by a variety of different test methods. The test meth-
ods described 1n the examples represents only one available
method to obtain each of the required measurements.

The foregoing description of various embodiments of the
disclosure has been presented for purposes of illustration and
description. It 1s not intended to be exhaustive or to limait the
disclosure to the precise embodiments disclosed. Numerous
modifications or variations are possible 1n light of the above
teachings. The embodiments discussed were chosen and
described to provide the best illustration of the principles of
the disclosure and 1ts practical application to thereby enable
one of ordinary skill in the art to utilize the disclosure 1n
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various embodiments and with various modifications as are
suited to the particular use contemplated. All such modifica-
tions and variations are within the scope of the disclosure as
determined by the appended claims when interpreted in
accordance with the breadth to which they are fairly, legally, 5
and equitably entitled.

What 1s claimed 1s:

1. A mechanical pressure relief system that allows at least
a portion of the fluid flowing through a pressurized fluid line
to flow back to a vented fluid reservoir through an overflow 10
line when the pressure in the pressurized fluid line exceeds a
predetermined pressure limit; the pressure relief valve system
comprising: a fitting having a first segment, a second seg-
ment, and a third segment; the third segment locating between
the first and second segments; the first and second segments 1°
being coaxial to one another and defining a main fluid pas-
sageway; the first and second segments capable of being
inserted into the pressurized fluid line and coupled thereto
such that the fluid flowing through the pressurized line tlows
through the main fluid passageway; the third segment inter- 2Y
secting with the main fluid passageway and having a valve
seat that defines an opening 1n communication with the fluid
in the main fluid passageway; a housing having a bottom
section defining a first passageway, a top section defining a
second passageway, and a side section defining a third pas- 23
sageway; the bottom section being detachably connected to
the third segment of the fitting; the side section being detach-
ably connected to the overtlow line for returning fluid from
the pressurized line to the vented tluid reservoir; a valve stem
having a bottom end and a top end; the valve stem slidably 3
extending through the first passageway into the second pas-
sageway; the bottom end having a surface that 1s shaped to
match and mate with the valve seat; the top end including a
head with a groove circumierentially located therein; the head
sized to slidably fit into the second passageway; a compress- >
ible ring located 1n the groove of the head; the compressible
ring adapted to contact the inner surface of the second pas-
sageway, thereby establishing a fluid tight seal between the
head and the surface of the second passageway; a spring
located in the second passageway and in contact with the 4Y
head; the spring sized to provide a predetermined amount of
resistance; the spring being compressed 1n order to establish
a desired set pressure limit, thereby, forcing the bottom end of
the valve stem to contact the valve seat causing the relief valve
to be in its closed position; a cap placed over the second
passageway and coupled thereto in order to maintain the
spring 1n 1ts compressed state; and wherein when the valve 1s
in a closed position, the bottom end of the valve stem 1s 1n
close proximity to the inner surface of the main fluid passage-
way, but does not intrusively interfere with the flow of fluid >Y
through the main fluid passageway; wherein when the pres-
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sure 1n the pressurized fluid line exceeds the set pressure
limat, the fluid pressure forces the relief valve into an open
position where the bottom end of the valve stem and the valve
seat separate and the valve stem moves the head further into
the second passageway to further compress the spring; and
pressurized tluid 1s allowed to tlow from the main fluid pas-
sageway through the first and third passageways into the
overflow line; wherein a radial gap 1s established between the
surface of the bottom end of the valve stem and the valve seat
and a uniform channel through which fluid tflows 1s estab-
lished between the mner surface of the first passageway and
the entire portion of the valve stem having a diameter (d. )
located between the bottom end and the head of the valve
stem, such that the radial gap and the uniform channel have
substantially the same radial width (W) through which the
fluid flows when the relief valve 1s 1n 1ts open position.

2. The pressure relief system of claim 1, wherein the main
fluid passageway 1s sized to have a diameter that 1s substan-
tially the same as the inner diameter of the pressurized tluid
line.

3. The pressure relief system of claim 1, wherein the third
segment 1s perpendicular to the main fluid passageway.

4. The pressure relief system of claim 1, wherein the cap
turther comprises a vent and sight tube to allow air to freely
move 1nto and out of the second passageway and to allow fluid
to flow out of the second passageway when the seal between
the head and the inner surface of the second passageway fails.

5. The pressure relief system of claim 1, wherein the bot-
tom surface of the valve stem 1s substantially flat and has a
circumierential tapered edge defined by angle (a) that is
between about 20 degrees and about 60 degrees.

6. The pressure relief system of claim 1, wherein the bot-
tom surface of the valve stem 1s formed into a round, ball-like
shape.

7. The pressure relief system of claim 1, wherein the bot-
tom section, the valve seat, the valve stem, the head, the top
section, and the side section are constructed of stainless steel.

8. The pressure relief system of claim 1, further comprising
a spacer 1n contact with the spring 1n the second passageway:;
the spacer being sized to compress the spring and 1s made
from one selected from the group of a single layer and more
than one layer stacked on top of each other.

9. The pressure relief system of claim 1, wherein the set
pressure limit 1s greater than about 250 PSI.

10. The pressure relief system of claim 9, wherein the set
pressure limit 1s about 300 PSI.

11. The pressure relief system of claim 10, wherein when
the pressure relief valve 1s in 1ts closed position; the bottom of
the valve stem resides within less than about 3 mm from the
iner surface of the main fluid passageway.
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